Abstract. We studied the effect of phorbol myristate acetate (PMA) on the plasma membrane ATPdependent calcium pump in neutrophils. Plasma membrane-enriched fractions ("podosomes") from PMAstimulated guinea pig neutrophils exhibited a twofold stimulation of ATP-dependent calcium transport when compared with control podosomes. The stimulatory effect was rapid (beginning less than 2 min after exposure to PMA) and reached maximal values within 5 min. PMA increased the maximum velocity but not the affinity of the calcium pump for Ca". These results suggest that the calcium pump in the plasma membrane of neutrophils may be stimulated by calcium-independent pathways, and that this activation
Introduction
Phorbol esters are potent tumor promoters (1) , inducing the expression of transformation-like properties in a variety of undifferentiated cell lines in vitro (2, 3) . In addition, they are capable of stimulating many cells including neutrophils (4) (5) (6) . Phorbol esters have been shown to bind to specific cell receptors in order to exert their functions (7) . Several studies indicate that intracellular calcium may be involved in the effect of phorbol esters (8) . A recent study has shown that upon exposure to phorbol myristate acetate (PMA),' a significant proportion of total neutrophil calcium is extruded into the extracellular medium, suggesting stimulation of calcium extrusion mechanisms (9) .
We have recently demonstrated that inside-out vesicles from the plasma membrane of PMA-treated guinea pig and human neutrophils can accumulate large amounts of calcium in a calmodulin sensitive, Mg-ATP-dependent process (10) . The calcium accumulation has been attributed to a plasma membrane calcium pump with characteristics similar to that described in other tissues (11, 12 ).
An analysis of the effect of PMA on the plasma membrane calcium pumping activity and on the levels of free cytosolic calcium ([Ca++] i) in neutrophils forms the basis of this report.
Methods
Chemicals. Quin 2 AM was purchased from Lancaster Synthesis, England; lonophore A23 187 from Calbiochem-Behring Corp., American Hoechst 1. Abbreviations used in this paper: 4a-phorbol, 4a,9a, 12,B, I 3a,20-pentahydroxytiglia-1-6-dien-3-one; 4(#-phorbol, 4#,9a, 12fl, 13a,20-pentahydroxytiglia-1 -6-dien-3-one; [Ca+]j, free cytosolic calcium concentrations; FMLP, formyl-methionyl-leucyl-phenylalanine; PMA, phorbol myristate acetate.
Corp., San Diego, CA; PMA, 4a,9a,12(B,13a,20-pentahydroxytiglia-l-6-dien-3-one (4a-phorbol), 413,9a, 1213,13a,20-pentahydroxytiglia-1-6-dien-3-one (4f3-phorbol), and formyl-methionyl-leucyl-phenylalanine (FMLP) were obtained from Sigma Chemical Co., St. Louis, MO.
A TP-dependent calcium uptake by plasma membrane-enrichedfractions from guinea pig neutrophils. Preparation of plasma membraneenriched fractions and measurement ofATP-dependent calcium transport was carried out as previously described (10) .
In brief, neutrophils purified from guinea pig peritoneal exudates were incubated for 5 min at 370C in a medium containing 130 mM NaCl, 4 mM KCl, 50 MM CaC12, and 10 mM sodium phosphate buffer, pH 7.4, in the absence or in the presence of PMA (1.6 MM). Plasma membrane-enriched fractions ("podosomes") were subsequently obtained by gentle sonication and differential centrifugation. Ca uptake by podosomes was measured in a medium containing 100 mM KCI; 30 mM imidazole-HCI, pH 7; 5 mM azide; 5 mM Mg-ATP; and various concentrations ofCaCI2 containing 45Ca and EGTA by the Millipore filtration technique (Millipore Corp., Bedford, MA). Ca uptake rates were expressed as nanomoles Ca per milligram total protein per minute after the values bound in the absence of ATP were subtracted. In the absence of ATP, <O.5 nmol Ca/mg protein became associated with the membranes in <1 min and the values did not increase thereafter.
The free Ca concentration of solutions in the presence of ATP with or without EGTA were calculated by means of the computer program of Perrin and Sayce (10) . The calculated values correlated well with direct measurements of free calcium performed with calcium electrodes, as described previously (10) . Bovine brain calmodulin used in these experiments was obtained as described previously (13) . The proportion of inside-out vesicles in the membrane preparation was assessed by the activity of 5'-nucleotidase, an ectoenzyme of guinea pig granulocytes, in the presence or absence ofTriton X-100, as described previously (10 (14) . The calibration of Quin 2 fluorescence as a function of cytosolic free Ca++ was described previously (14) . Excitation and emission wavelengths were 339±6 and 492±5 nm, respectively. Two lines of evidence indicate that PMA pretreatment specifically increases the calcium pumping activity rather than stimulating calcium accumulation by indirect effects: (a) The proportion of inside-out vesicles, as assessed by 5'-nucleotidase activity, an ectoenzyme of the guinea pig granulocyte, in the presence or absence of Triton X-100, is similar for control ves,-icles and vesicles from PMA-treated neutrophils, i.e., 45±8% and 50±5%, respectively (mean±SD, n = 9). (b) No difference in the passive Ca permeability between the two population of vesicles is observed: Fig. 1 B shows that the addition of EGTA, when Ca uptake is almost completed, induces a slow release of 45Ca into the supernatant; the kinetics of release is similar in controls and PMA-pretreated vesicles. In both preparations, the percentage ofCa released in the 10 min following EGTA addition is -20% ofthe uptake during the first 10 min ofthe experiment. Fig. 2 A shows that the stimulation of Ca accumulation by the vesicles obtained from PMA-treated neutrophils requires at least I or 2 min of preincubation of the phorbol ester with intact cells and it is maximal after about 5 min. The lag phase of this activation is similar to the latency of PMA-induced superoxide production in intact cells (15) . Fig. 2 (Fig. 3 C) . (Fig. 3 A) . Moreover, PMA added after FMLP accelerated the return of cytosolic free Ca to basal levels (Fig. 3 B) . Qualitatively similar tracings were obtained in neutrophils from a patient with chronic granulomatous disease and in guinea pig peritoneal exudate neutrophils. At cytosolic free calcium to basal levels induced by the chemotactic peptides (4.5±1.2 min instead of 8±1.5 min for a batch of human neutrophils loaded with 0.6 nmol Quin 2/106 PMN; mean±SD of n = 5, P < 0.02 by paired t test). By contrast, no effect of the FMLP-induced changes in free cytosolic calcium was observed when human neutrophils were preincubated with two inactive phorbol analogues, 4a-phorbol (100 nM) or 4j3-phorbol (100 nM).
Results

Fig
Discussion
Three main mechanisms may explain the stimulatory effect of PMA on the ATP-dependent Ca pumping activity present in (20) ; and (c) phosphorylation of four major bands are known to be an early event in the interaction of PMA with intact neutrophils (21) . As a third possibility, an effect of PMA on lipid fluidity has been suggested on the basis of its effects on 1 ,6-diphenyl-1,3,5-hexatriene fluorescence (22 Besides demonstrating that one of the earliest physiological events elicited by PMA on neutrophils is the stimulation of Ca extrusion via the plasma membrane Ca pump, our studies suggest that this occurs by a Ca-independent pathway because it is not preceded by a rise in cytosolic free calcium, nor it is mediated by an alteration in the affinity constant of the pump for Ca. Recent data would suggest that diacylglycerol produced by stimulus-dependent breakdown of phosphoinisitide is involved in this calcium-independent activation (23).
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